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 Scenarios for the Dutch gas distribution 
infrastructure in 2050
Taede Weidenaar, Errit Bekkering and Rosemarie van Eekelen
Abstract. In the Netherlands 98 percent of the households are connected to the gas 
grid. Th is grid, aging, will need investments. What are its system requirements in the 
future? No consensus exists on that question. Th erefore, it is diffi  cult to determine 
what to invest in. To help solve this problem, we have developed four scenarios for 
the Dutch gas distribution infrastructure in 2050. A structured scenario develop-
ment process was used taking a number of existing scenarios as a starting point. 
Th e key forces that form the basis of our scenarios are the willingness and ability 
to reduce green-house gases and the perceived resource scarcity. Next to these, we 
have included forces that shape the scenarios, namely projected energy demand, 
available sources of supply, technological developments and institutional develop-
ments. Th e energy demand and the available sources of energy were quantifi ed for 
each scenario. We have determined what the impact will be on the geographical 
scope of the grid, the type and mix of gases that are transported, and the function of 
the distribution grid in the larger energy system. We argue that these scenarios may 
help in dealing with the investment dilemma. Th ey can be used to detail the possible 
functions of the gas distribution system in the Netherlands in 2050.
Half of the national primary energy demand in the Netherlands is met by gas. Th e main use is for heat production, electricity generation and 
production of chemicals and materials.1 (Th ey represent respectively 70, 23 
and 7 percent.) With 98 percent of households connected to the gas grid, the 
penetration of the gas distribution infrastructure is impressive, as compared 
to other countries. Transport of gas through a system of pipelines is cost eff ec-
tive. Th e amount of energy distributed annually through the gas distribution 
system represents approximately 20 billion cubic meters.*
Th e end of domestic gas production, out of the Slochteren gas fi eld (Gron-
ingen), is now in the horizon of the industry. Several estimations expect a full 
* Th is number is based on the yearly gas consumption of consumers connected to Allian-
der’s distribution grid2, extrapolated to the total number of gas consumers connected to the 
Dutch gas distribution grid.1
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depletion by 2050. Gas imports are expected to rise and, as a consequence, 
means must be found to manage quality and to balance supply and demand. 
Th e Dutch governement has decided to reduce greenhouse gas (GHG) emis-
sions and to increase the share of renewable energy. Th is will result in more 
and more interlinked electricity and gas systems. How exactly these and other 
factors will shape the future? Th at is unclear. At the same time, the gas dis-
tribution network is aging and needs to be upgraded, replaced or, ultimately, 
decommissioned.
Th e gas distribution infrastructure is an integral part of the Dutch energy 
system. Th e advent of an energy system transition, therefore, will have a large 
impact on this infrastructure. With a typical technical lifetime of investments 
ranging between 40 and 80 years, investment decisions taken now will aff ect 
how the system is shaped by 2050. Investments are needed in the short term 
to make sure that the infrastructure can cope with future requirements. How-
ever, it is not clear what exactly the requirements are. Th erefore, it is diffi  -
cult to determine what to invest in, how much and when. Distribution system 
operators (DSOs) face a real dilemma. Investing now may enable the energy 
transition; but it is likely that part of these investments will be unproductive. 
Postponing investments, which can be preferable from an investment effi  cien-
cy point of view, may stifl e developments and slow down the transition. Th is 
is the DSO’s dilemma. 
A scenario planning approach for the gas distribution infrastructure may 
help in coping with this dilemna. Scenario thinking may also help us to derive 
future system functions. With this background, we aim here at developing 
scenarios that help determining for the Netherlands the system function(s) of 
the gas distribution infrastructure in the energy system in 2050. We develop 
four scenarios, by building on existing scenarios and largely following a stan-
dard scenario planning approach. By doing so, we will take both technical and 
institutional factors into consideration and will start with the role of gas in the 
energy mix. Th ese scenarios may help DSOs to determine what investments 
are needed, and what may be their future role as well.
1. A method for scenario planning 
Scenario planning consists of imagining a range of possible futures. Scenarios 
can capture the future impact of forces and trends. We make a distinction 
between trends, forces and key forces. Trends have a relatively low uncertain-
ty. Meaningful assumptions can be made regarding the future. Forces have a 
higher degree of uncertainty. Key forces are forces with both a high impact 
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and a high uncertainty. Two or three key forces with signifi cant impact and a 
high degree of uncertainty form the basis of a scenario (see Figure 1). When 
carried out properly, the scenarios simplify the avalanche of data into a limited 
number of possible states. It is not a way to predict the future; but it helps to 
understand how the future may unfold.3
Th e eventual scenarios should be plausible, internally consistent and com-
pelling. Dependencies between relevant trends and forces that characterize 
each scenario and the key forces need to be considered. Th e scenario approach 
is valuable not for its ability to predict the future but more in its contribution 
towards revealing and understanding the interrelation between the forces at 
work.
Some authors suggest adopting a general step-wise approach for scenario 
planning.3, 4 We have largely followed this approach with a few adaptations. 
We started by defi ning a central question and the scope. Th ereaft er, we de-
fi ned the trends, forces, and key forces. We carried out a literature survey on 
existing relevant energy related scenarios. Hence we based our scenarios on 
existing scenarios, instead of developing them from scratch. Out of the identi-
fi ed trends, forces and key forces, we derived four initial descriptive scenarios. 
We organized an expert meeting to ensure that our assumptions are based 
 Uncertainty 
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Key forces  
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Figure 1. Representation of trends, forces and key-forces according to their 
degree of impact and uncertainty 
4 Scenarios for the Dutch gas distribution infrastructure
on sound reasoning. Th e expert panel consisted of gas distribution experts 
from the DSOs, Kiwa Gas Technology, Delft  University of Technology and the 
University of Twente. Once consensus was reached on the initial scenarios, 
we quantifi ed and qualifi ed the forces in detail. (We made use of the reports 
written by CE Delft 5.) Finally, we described the scenarios in somewhat more 
detail. (Th e method is schematically represented in Figure 2).
2. Existing scenarios 
We have looked at scenarios that are relevant for the energy sector in the Neth-
erlands, and more specifi c for the gas distribution system, and specifi c enough 
to help answer our main question. We examined four studies.*  
Shell scenario. Two global scenarios ‘Scramble’ and ‘Blueprint’ are described 
by Shell.6 Key uncertainty is the ability of the world to fi nd eff ective answers 
to global challenges such as global warming, resource scarcity, population 
growth. Orientation of these widely used scenarios is global and geopolitical. 
Th e key forces are the degree of (international) cooperation. 
CE Delft  scenario. CE Delft  has produced scenarios focused on the Dutch 
energy infrastructure.5 Th ey start with the 90 percent carbon dioxide (CO2) 
emission reduction target for developing scenarios in which a diff erent mix 
Figure 2. Schematic representation of the steps followed in the research 
approach to obtain detailed scenarios
Define objective and scope
Review of relevant 
scenarios
Identify key-forces , forces 
and trends
Construct initial scenarios 
with key forces
Quantify forces in the 
scenarios
Detailed scenarios
Scenario documents
Technology Insitutions
Qualify forces in the 
scenarios
Energy demand Energy supply
Expert session 1
‘Net voor de toekomst’  
Netbeheer Nederland
* We looked at but did not use CPB’s scenarios.7, 8 In these scenarios, international coop-
eration and institutional reform are taken as the two key forces.  Th ey are rather general and 
somewhat outdated. An internal Nuon Asset Management scenario was reviewed; but also 
not further used.9 In this scenario, key uncertainties are sustainability of the society and the 
central or decentralized production of energy. Scenarios were designed to sketch an image 
of the energy supply system, energy demand and infrastructure in the near future, that is by 
2015. Scenarios are focussed on the Dutch energy sector but also somewhat outdated.
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of technologies meet the projected energy demand. Th e scenarios appear to 
have a sound technical and quantitative basis (supply and demand) and are 
largely determined by technology. Scenarios diff er in the identifi cation of the 
key forces based on a combination of demand, conversion technology and 
central versus decentralized production. 
British scenarios. A long range scenario based study has been commissioned 
by the United Kingdom Energy Networks Association (ENA).10 Scenarios fo-
cus on the British gas sector. Th e study makes use of the UK Department of 
Energy and Climate Change (DECC) 2050 Pathways analysis and the UK En-
ergy Research Council (UKERC) 2050 modeling, and research undertaken for 
the Committee on Climate Change.11 Th ese scenarios are oriented on technol-
ogy. Th e key forces at play are further development and commercialization of 
carbon capture and storage (CCS) and electricity and heat storage technolo-
gies.
MIT scenario. An interdisciplinary Massachusetts Institute of Technology 
(MIT) study examines the role of natural gas in the United States in a carbon-
constrained world with a time horizon out to mid-century.12 Th e main un-
certainty presented in this report is the extent and nature of GHG mitigation 
measures that will be adopted in the United States and other countries. Vari-
ous possibilities for the size and production cost of resources, the develop-
ment of the international gas market (as dictated by economics, geology and 
geopolitics) and the technology mix (as determined by relative costs of the 
diff erent technologies) are modeled for a number of GHG policy regimes. Th e 
key force is the extent and nature of GHG policy regime. 
Both Shell and MIT scenarios pinpoint a key force as the ability to fi nd 
eff ective answers to reduce GHG emissions. According to the latter, there is 
great uncertainty concerning the likely structure of any future international 
agreement that may emerge to replace the Kyoto Protocol. Th e absence of a 
clear international regime for mitigating GHG emissions also raises questions 
about the likely stringency of national policies over coming decades. 
In contrast, in both CE Delft  and the ENA scenarios, meeting the Nation-
al—Dutch and British respectively—CO2 reduction targets for 2050 are taken 
as a boundary condition. Th ey do not include uncertainty regarding our abil-
ity and willingness as a society to adopt measures to tackle this global issue. 
It is assumed that we will be able to agree on targets and take the necessary 
measures to meet them. Furthermore, one of the key forces in the Shell report 
is whether the world can fi nd an eff ective answer to resource scarcity. 
In the ENA and CE Delft  reports, the orientation is more technical. Th e 
scenario development is largely determined by whether certain technologies 
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will develop and become economically attractive. None of these existing sce-
narios can be used directly to solve our problem. However, we can pick out 
elements from these scenarios to construct ours. Let’s now turn to the deriva-
tion of the key forces, forces and trends.
3. Key-forces
Key forces, which have both a high impact and a high uncertainty, form the 
basis of the scenarios. Combining information from the four scenarios men-
tioned above, we derived the following two key forces: perceived resource 
scarcity and willingness and ability to reduce GHG emissions. Key forces in-
fl uence and are infl uenced by forces; forces again are infl uenced by trends, 
which can have a high impact as well but are considered to be more certain 
to happen in the future. It should be noted that the forces are interdependent. 
Key forces, forces and trends are interrelated (see Figure 3).
Th e fi rst factor that has a large impact and large uncertainty is the willing-
ness and ability to reduce GHG emissions. We regard the reduction targets 
for GHG emissions that cause the global warming as a factor with a large im-
pact on the development of energy infrastructures and, consequently, on the 
gas distribution system. A strict GHG reduction regime may mean that local 
combustion of natural gas is no longer allowed, and that the gas distribution 
system becomes obsolete in some parts of the country. On the other hand, un-
 
x Depletion of  Groningen field 
x Further EU integration 
x Aging gas grid 
x Decrease in low value heat 
demand 
x Sharper peak in low heat 
demand 
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x Labour force scarcity 
x No more cheap oil 
x Energy demand 
x Available sources of energy 
supply 
x Technological 
developments 
x Institutional developments 
 
x Perceived energy 
resource scarcity 
xWillingness and 
ability to reduce GHG 
emissions 
Trends Forces Key forces 
Figure 3. Trends, forces and key forces, and their interrelations 
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der this strict regime, it is likely that the gas distribution system has to facilitate 
the injection and distribution of biomethane (a biogas upgraded to natural gas 
quality). Th e gas distribution system will have increased functionality in other 
parts of the country. Under a less strict regime, local combustion of gas will 
still be allowed; and, therefore, the gas distribution system will face less rigor-
ous changes. Hence the reduction of GHG emissions has a large impact on the 
gas distribution system. It is however uncertain if society is collectively willing 
and able to take necessary measures to reach the set GHG emission reduction 
targets. In the CPB, Shell, and MIT scenarios international cooperation and/
or the ability to fi nd eff ective answers to global problems, like GHG reduction, 
is a force with a large degree of uncertainty. 
Th e second factor that has a large impact and large uncertainty is the degree 
of perceived resource scarcity. Focusing on natural gas, the mean projection of 
the remaining global resource base is 459 T m3, which is 150 times the  annual 
consumption of 2009.12 Th is resource base is concentrated in only a handful 
of countries. Russia, Iran and Qatar account for 55 percent of the reserves. 
From an historical point of view, the world natural gas reserves have generally 
trended upward. Known reserves of natural gas were thought to be suffi  cient 
for 60 to 120 years. Now with shale gas being produced in large quantities, the 
IEA has revised known reserves upwards to 250 years under the assumption 
that European and Asian countries will follow the recent successful explora-
tion of shale gas in the United States.13 
Russia, which has by far the largest reserves, could become the dominant 
supplier of gas to Europe. Th e uncertainty comes from politics. Gas develop-
ment projects take decades and are very capital intensive. Property rights, tax 
laws, ineffi  cient government bureaucracy and the tendency to limit foreign in-
vestment may delay some new fi eld development projects. Governments from 
the European Union may not like to rely entirely on Russia. Another impor-
tant issue that leads to uncertainty is the development of the Chinese market, 
as an alternative destination for West-Siberian gas. 
When energy resources are perceived to be scarce, security of supply will 
be more of an issue. Energy conservation measures will become a logical re-
sponse, in combination with increased local energy production out of wind 
power, solar power and biogas. Th ese measures are driven both by institu-
tional forces that want to secure energy supply, and by economic forces, since 
energy prices are likely to be relatively high. Th is, in turn, will give individuals 
an incentive to use less energy, and make renewable energy more competitive 
and economically more attractive to develop. In addition, getting the neces-
sary permits for renewable energy projects will be less of an issue. Conversely, 
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in a world with abundant fossil fuels, renewable energy projects will be eco-
nomically less attractive and energy conservation measures will become less 
urgent. 
In conclusion, we take as key forces for our scenarios the willingness and 
ability to reduce GHG, and the perceived resource scarcity. From the descrip-
tion of the key forces, it is clear that they are related to the other forces that 
shape the scenarios: projected energy demand, sources of supply, technologi-
cal developments and political developments. 
4. Forces
Let’s now describe the forces in further detail. Which parameters are the forces 
composed of? How do they aff ect the key-forces and the future gas distribu-
tion grid? To answer these questions, we have to consider in turn the projected 
energy demand, the available energy sources of supply, some technological 
developments which aff ect the role of gas, as well as institutional develop-
ments. 
4.1. Projected energy demand
As in the reports of CE Delft 5, ENA10, and DECC11, we divide the energy de-
mand into four categories. First, low value heat is the energy required for 
space heating and hot water. Th e largest share of this demand stems currently 
from households, utility buildings and greenhouse farming. Demand is likely 
to decrease following the trend line. Second, high value heat is mostly used 
in the industry for processes like distillation, refi ning and separation. Th ird, 
mobility is the energy demand for passenger and freight transport by road, 
rail and water. It is unclear in what form this energy demand will be met. Will 
it be electricity, gas or liquid fuel? Fourth, lighting and appliances correspond 
to the energy demand for lighting and electrical appliances. 
As of 2008, the total energy for low value heat amounts to 600 PJ/year, 
high value heat to 500 PJ/year, mobility to 170 PJ/year and lighting and appli-
ances to 432 PJ/year.5 Th ese demands are primary energy demands, not the 
demands for the energy sources. To derive the energy demand for the energy 
sources, the conversion effi  ciencies should be taken into account. It is clear 
that the energy demand aff ects the future gas distribution grid. It determines 
whether the grid needs to upgrade its capacity, remain as it is, or maybe it 
should be decommissioned. We will determine the demand values per energy 
demand category for each scenario.
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4.2. Available energy source of supply
Th e energy demand will have to be met by one or more energy sources. We di-
vide the available sources into several categories in two dimensions. Th e fi rst 
dimension is the origin of the energy sources; energy can originate from local 
or regional sources, national or European sources, or sources outside of the 
EU. Th e second dimension is the type of energy source; we identify renewable 
energy, nuclear energy and fossil energy. (Th e total overview of the available 
energy sources is given in Table 1.)
Energy sources Local and regional Central: national and 
European
Central: non-European
Renewables • Heat (geotermy, waste 
or solar)
• Biomass (digestion)
• Wind (on land)
• Solar (solar panel)
• Biomass (gasifi cation)
• Wind (at sea)
• Solar (concentrating 
power)
• Solar (concentrating 
power)
Nuclear • Nuclear • Nuclear
Fossil • Coal
• Slochteren gas
• Shale gas
• Coal
• Gas from Norway, Alge-
ria and Russia
• Shale gas
• Liquefi ed natural gas
Th e key forces will play a signifi cant role in the eventual energy mix. First 
example, the share of non-EU energy sources depends largely on the per-
ceived resource scarcity. When energy resources are perceived as scarce, se-
curity of supply will become an important issue. One of the ways to secure 
energy supply will be by increasing the share of local, regional, national and 
EU sources. Consequently, the share of non-EU resources will be low. With 
a low perceived resource scarcity, security of energy supply will be less of an 
issue, and there will be no preference for the origin of the energy. Hence, the 
energy supply mix will be determined by the worldwide energy market and 
consequently the share of non-EU energy sources will be higher. 
Second example, renewable energy sources will have a high share when 
the willingness and ability to reduce GHG emissions is high. Economic argu-
Table 1. Source of energy available to the Netherlands, per category of sources 
and geographic dispersion 
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ments will play a less important role, and governments will tailor their policies 
such as to stimulate the use and production of renewable energies in order to 
reduce GHG emissions.
Besides the key forces, other factors aff ect the energy mix as well. For in-
stance, for renewable energy, the availability of biomass plays an important 
role. Th is is a diffi  cult issue as there are competing claims on biomass: the latter 
could be used for the production of gas, electricity, or chemicals and materials. 
Direct or via land use there may be competition with food. Furthermore, there 
might be a large diff erence between technical availability and socio-economic 
availability and not all sustainability issues are clear yet.14 
Obviously, the future gas distribution grid will be aff ected by the eventual 
energy mix. An energy mix with a minor role for gas might lead to the aban-
donment of a great part of the gas distribution grid. Furthermore, the origin 
of the natural gas is important since imported gases have diff erent qualities 
than the Groningen gas, which is currently fl owing through the gas distribu-
tion grid. At some point, a choice will have to be made whether to convert the 
foreign gas to Groningen quality, even if the fi eld itself is depleted, or change 
to diff erent gas specifi cations and, possibly, adjust the gas appliances.
4.3. Technological developments
Advances in technology will impact the future role of gas as well as the gas 
distribution grid. Most technologies are still in development and oft en not yet 
cost eff ective. Will they mature and become an economic viable option? Let’s 
examine four categogies of the most important techniques. 
Storage techniques. Development of storage techniques for electricity, heat 
and gas are expected to have a huge impact on the future energy system in 
2050. For bridging longer periods, when supply of renewable energy coming 
from wind or solar for example is too high or too low, long term storage will 
be needed. We will assume that the technology and ability to store electricity 
on a large scale will not become economically and technologically viable; and, 
therefore, the storage of gas remains signifi cantly cheaper than the storage of 
electricity. We have made a comparison of the diff erent storage technologies 
(see Figure 4). 
In the scenario with the largest share of renewable electricity, we deter-
mined the total yearly production to be 470 PJ or 130 TWh. If the required 
buff er capacity would only be one percent of the yearly production, this would 
already amount to a storage capacity of 1.3 TWh. As can be seen, the only 
storage technique that can provide this storage capacity is the conversion of 
11T. Weidenaar, E. Bekkering and R. van Eekelen
electricity to hydrogen or methane and, subsequently, injecting it in the gas 
grid. In addition, it can be seen that hydrogen and methane provide the high-
est storage density compared to other electricity storage techniques (see Fig-
ure 5).
Th erefore, it is argued that in case of an electricity surplus from solar PVs 
and windmills, the surplus energy will be converted to hydrogen/methane 
and subsequently be injected into the gas grid. (An elaborate foundation for 
this assumption has been made elsewhere.16) 
Electricity to gas conversion. As stated above, the conversion of electricity 
to gas in the form of hydrogen or renewable methane is an important tech-
nological development to provide storage for the fl uctuating renewable en-
ergy supply. Th e surplus of renewable energy, in the form of electricity, can 
be stored as chemical energy using electrolysis. Th e following processes are 
crucial: electrolysis from electricity and thermal water splitting to produce hy-
drogen. Furthermore, the produced hydrogen can be reformed to renewable 
methane by the reaction with CO2 with the Sabatier process. Th e renewable 
methane can then be supplied to power producers via the existing gas system 
and storage. 
We assume that the conversion of electricity to hydrogen (or renewable 
methane) provides the most economic storage solution for surplus renewable 
 
Fly-wheel 
Batteries 
Compressed air 
Pumped storage 
Hydrogen 
Methane 
 Power to gas
Figure 4. Comparison of electricity storage techniques, with typical storage 
capacity and discharge time (source15) 
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energy and will become important when the Dutch energy mix consists of a 
large share of renewable electricity.
Gas to electricity and heat. Co-generation is the use of a heat engine or a 
power station to simultaneously generate both electricity and useful heat. Co-
generation installations, which are named combined heat and power (CHP), 
have been in use for decades, mainly in the industry. Th e main advantage of 
these plants, in comparison with conventional electricity production, is that 
the heat produced with electricity generation is used for heating purposes. 
It therefore increases the effi  ciency considerably. Th is heat can, for example, 
be used as hot water for district heating. In recent years, CHP has received 
renewed attention as a cost-eff ective technology for reducing energy demand 
and cutting CO2 emissions in the energy sector. It is good to recall that CHP 
is low carbon and fuel fl exible. (Fossil gas, but also biogas, biomethane, hy-
drogen or renewable methane can be used as fuel). Moreover, it integrates 
electricity and heat production and demand, and can be integrated with other 
renewable energy sources, such as PV. 
A micro-CHP simultaneously produces heat and power in an individual 
household or small commercial building. In comparison with CHP, they are 
not only smaller but the technical and economic constraints are considerably 
diff erent. For CHP installations, the heat is the primary product, whereas the 
electricity that is consequently produced is a by-product that can also be uti-
0 200 400 600 800 1000 1200 kWh/m3
Methane storage (p = 200 bar)
Hydrogen storage (p = 200 bar)
Li-ion battery
NaS-Battery
Lead-acid battery
Compressed air energy storage
Pumped-storage hydroelectricity
Figure 5. Comparison of electricity storage densities of energy storage 
technologies, in kWh/m3  (source18) 
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lized. For micro-CHP, the electricity demand is leading. However, electricity 
can only be produced when there is a heat demand; and, therefore, it becomes 
economically more attractive when the heat demand is higher.
Th e market for micro-CHP will be the replacement of conventional gas 
central heating boilers, when they reach the end of their useful life. It is a pre-
requisite that the target households are connected to a natural gas supply, and 
that they have a suitable heat demand. 
Carbon capture and storage (CCS). CCS is the technology that captures 
CO2 from combustion gases, and subsequently transports it and sequestrates 
it underground. In view of the associated costs, we assume that CCS will only 
play a role when there is a willingness to reduce GHG emissions, and there is 
a large share of electricity production by means of fossil energy and/or large 
industry is using fossil energy.
Besides the development of the above mentioned technologies, other tech-
nological factors that may have an impact on the utilization of gas in the fu-
ture energy system are the local versus central use of natural gas, the required 
fl exibility and the gas quality. Whether natural gas can be used locally partly 
depends on the extent of the GHG reduction regulations and energy effi  ciency 
objectives. Th e central or local use of the gas can have a considerable impact 
on the extent of the lower pressure part (lower or equal to 100 mbar) of the 
Dutch gas distribution grid.13 
Th e required fl exibility for the gas grid determines to what extent new gas 
storage sites have to be added to the gas grid. Also of importance is at which 
pressure level these gas storage sites are added, that is the national gas grid or 
the local gas distribution grid. 
With the depletion of the Groningen gas fi eld, the quality of the gas fl owing 
through the gas distribution grid is likely to change. Whether this will result 
in one new national gas quality standard with a broader Wobbe band, in sepa-
rated regions each with its own specifi cations or in a combination of the two 
is an issue that requires further research.
4.4. Institutional developments 
Th e fourth force that impacts the gas distribution system and infl uences the 
key forces is the institutional and political developments. We defi ne institu-
tions as ‘the rule of the game.’19 How the system looks and works for a large 
part depends on the rules we collectively agree on. Th ere is the government, 
which edicts laws and regulations. Th is pertains both to the degree of govern-
ment involvement as well as to the level at which governments are involved, 
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whether it is a local, national or supranational entity. Moreover, there are in-
stitutional arrangements that govern the organization of the energy supply-
chain, from production to consumption via distribution. Th is pertains to both 
the role and the scope of players involved.
Role of the government. If perceived scarcity is the overriding public con-
cern, this will be refl ected by institutions. On the one hand, local self suffi  cien-
cy and net integration between gas and electricity will probably be promoted, 
with a clear role for local authorities. On the other hand, in the EU arena, 
energy policy and politics vis-à-vis the Commonwealth of Independent States 
(CIS) and other resource owners will become more important. 
GHG emission reduction eff orts will probably go hand in hand with new 
restrictions and/or incentives, probably both on national and on European 
levels. 
Organization of the supply chain. Th e scale of production, the investment 
needed and with that the size of players involved is partly determined by the 
technology mix. Th e role of the DSOs may vary from neutral public infra-
structure provider to an active player with a role in helping to reach the set 
policy goals. Th is and technology here also partly determine what the optimal 
size for the DSO operation will be. 
Customers themselves can take either a passive role—more or less as they 
do now—or be more actively involved in saving, load management, energy 
production or trading of energy. High energy cost and concerns about secu-
rity of supply will promote more active involvement. 
Lastly, technical requirements may necessitate institutional change. In the 
case that gas of diff erent quality is transported, a market party or an institu-
tion needs to be made responsible for quality control and management and 
bear the associated risks. In case a separate CO2 infrastructure is needed, the 
same has to be built, operated and managed.
5. Trends
Trends are factors with relatively low degree of uncertainty. We identifi ed the 
following nine trends with their corresponding impacts.
Depletion of the Groningen fi eld. Of the initial volume of the Groningen gas 
fi eld, estimated at 2 800 billion cubic meter, approximately 1 000 billion cubic 
meter remains as of 2010. Th e pressure has dropped from 350 bar to around 
200 bar in the mid 1990s. Until 2020, the Groningen fi eld can provide the nec-
essary swing capacity. Aft er that date, this role will gradually be taken up by 
the underground gas storages in Norg/Langelo and Grijpskerk.20 
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Further EU integration. Th e stop-and-go process of EU political and eco-
nomic integration is likely to continue. Organizations such as the Council of 
European Energy Regulators and the European Commission’s formal advisory 
group of energy regulators will continue to work on the further integration of 
Europe’s national energy markets. Other structures will be designed to man-
age and regulate the increasingly interlinked and interdependent European 
energy system. 
Aging gas grid. Parts of the current gas distribution systems and many com-
ponents are about approaching their design lifetime. DSOs face important de-
cisions about the replacement or even possible decommissioning of their gas 
grids. Replacement or renovations of the gas distribution systems will require 
huge investments in the near future and important decisions about the design 
of these systems have to be made. Th e decisions made will determine the di-
mension of the gas distribution systems for the next four to fi ve decades.21, 22
Decrease in low value heat demand. Insulation of buildings is technically 
simple and economically attractive. Buildings that are not requiring energy 
from the grid for heating or cooling already exist. Take-up rate depends on the 
pace of renovation program and government rules (such as EPC norm). Th e 
trend that norms will get stricter will continue. By 2050, a substantial part of 
the Dutch stock of houses will have been replaced or renovated.
Sharper peak in low heat demand. Th e peaks in low value heating will be-
come sharper. Due to the ever improving insulation of buildings, low value 
heating demand decreases, and buildings only require space heating in case of 
severe cold. Th is means that the base load decreases and the length of the pe-
riod during which space heating is required becomes shorter. Hence, the low 
value heat peak demand becomes sharper—though lower in absolute values.
Increase in electricity demand. While demand for low quality heat will go 
down, demand for electricity will go up. Penetration and use of for instance 
computers, electric appliances and television sets will continue to increase. 
Increase in number of households. Th e trend of smaller families and more 
single person households will continue.
Labor force scarcity. Based on the current age profi le within the utility com-
panies, an experience drain is foreseen. With the projected shortage of work-
ing people in the coming years, internal work processes need to be reviewed 
and possibly automated. 
No more cheap oil. For reasons of cost and availability, oil will be replaced 
by renewables, coal or nuclear for electricity generation. Th e transport sector 
will switch either to electricity, liquid bio-fuels or (bio)gas.23
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6. Scenarios and their narratives 
Th e key forces, forces and trend that we’ve pinpointed have been used to con-
struct four scenarios. For each scenario, an extreme of both key forces is tak-
en, with the variable low or high. In the scenarios with a high willingness and 
ability to reduce GHG emissions, we are collectively able to implement eff ec-
tive measures to mitigate GHG emission. In the scenarios with a low willing-
ness and ability, we are only to a limited extent able to do this. In the scenarios 
with a high perceived resource scarcity, availability of energy resources may 
be limited due to political, geological, technical or economic reasons. In the 
scenarios with a low perceived resource scarcity, resources are perceived to be 
plentiful available. Let’s explain in turn each scenario (summarized in Table 
2). 
6.1. Business as usual 
Th is scenario is closest to the current situation, and can be characterized as 
business as usual. Th e need for GHG reduction is acknowledged by the pub-
lic—and with that by politicians; but necessary measures are weighed against 
other priorities and not implemented at all cost. Th e practical implementation 
of measures in Europe stalls, because other goals are confl icting, and because 
some countries or continents are dragging their feet. 
Resources and especially gas are not seen as a scarce (strategic) resource—
except for oil; but more as a commodity that is available on the market. Hence, 
the security of supply is not so much an issue in the public debate. Russian 
gas, possibly European shale gas plus LNG have replaced Slochteren gas. Th e 
market and players in that market (companies) determine the energy mix. 
Economic effi  ciency is the major consideration.
Local combustion of gas is still common practice. Use of the gas distribu-
tion infrastructure is comparable to the present use. Renewable energy sources 
compete with fossil sources on price and their share in the energy mix will be 
signifi cantly lower than the stated ambitions. Th e EU gas transmission system 
plays an important role in the EU energy supply.
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Willingness and ability to reduce green house gases
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Business as usual
• Energy is considered a commodity 
• Natural gas and coal are main sources 
of energy supply
• Local combustion of natural gas and 
fossil fuel is allowed
Gas distribution system
• Distributes diff erent types of (foreign) 
natural gas and, to a very limited extent, 
biomethane 
Carbon constraints
• Energy is considered a commodity
• Natural gas, coal and nuclear main 
sources of energy supply
• Fossil fuels converted to electricity in 
large scale power plants with carbon 
capture storage
• Biomethane for carbon dioxide emis-
sion reduction
• No local combustion of natural gas 
and fossil fuel is allowed
Gas distribution system
• Only for biomethane-biogas 
H
ig
h
Tight market 
• Diversifi cation of sources 
(liquefi ed natural gas and maximal local 
renewable energy sources) to secure 
energy supply
• Biomethane and biogas stimulated to 
reduce resource dependency
• Local combustion of natural gas and 
fossil fuel is allowed
Gas distribution system
• Accommodates diff erent types of (for-
eign natural) gas, biomethane, biogas, 
renewable methane and hydrogen
• Used  to balance electricity distribu-
tion system
Renewable self-suffi  ciency
• Biomass, wind, and solar main sources 
of supply
• Policy focused on security of supply by 
maximum use of local renewable energy 
sources
• No local combustion of natural gas 
and fossil fuel is allowed
Gas distribution system
• Only for biomethane, biogas, renew-
able methane and hydrogen 
• Used  to balance fl uctuating supply 
from windmills and solar energy
6.2. Carbon constraints 
Th e ambition of a 90 percent reduction in GHG emission compared to 2008 
is considered a boundary condition. Policy instruments that ensure that this 
target is met include rules and incentives. Combustion of natural gas is pro-
hibited in households. Instead natural gas is substituted by electricity and heat 
networks. Hence, the gas distribution grid plays a minimal role in this scenar-
Table 2. Scenarios per degree of willingness and ability to reduce green house 
gases and perceived scarcity of energy resources
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io. Only in certain areas where there is suffi  cient production of bio-methane 
and biogas does the gas distribution grid remain in use. 
In contrast to the gas distribution grid, the gas transportation grid still has 
a signifi cant role in the Dutch energy system. Natural gas is transported to 
large gas-fi red power plants to produce electricity in combination with CCS. 
To transport the CO2 from a power plant to a storage facility, a separate infra-
structure is needed. Besides natural gas, coal (also in combination with CCS) 
and nuclear have a signifi cant share in the electricity production. In addition, 
renewable energy sources have a signifi cant share in the energy mix.
Since there is limited perceived resource scarcity in this scenario, the gas 
used to fi re the power plants is allowed to be transported from non-EU coun-
tries by pipeline. Th erefore, gas from a number of large Russian pipelines 
competes with shale gas from EU-countries. Th e energy market and the com-
panies operating in these markets determine the energy mix. 
6.3. Tight markets 
In this scenario, there is a (perceived) scarcity of energy resources. Hence, 
security of supply is an important issue that is dealt with at national and EU 
level. A concerted eff ort is made to diversify energy sources. Renewable en-
ergy and energy conservation measures are seen as important and a means to 
increase security of supply. 
Due to the high share of electrical renewable energy, such as wind and 
solar, the fl uctuation in these energy sources proves to be a challenge for the 
balance of supply and demand. Th erefore, an important function of the gas 
system is to provide the needed fl exibility to balance demand and supply in 
the energy system. 
Public and politics are aware that GHG emission is necessary; but this is 
low on the political agenda. Implementation of necessary measures proves 
diffi  cult. Th e slowest implementers, in this case EU, China and US, sets the 
pace. Th e main argument to use renewable energy is to increase the security 
of energy supply.
6.4. Renewable self-suffi  ciency
Drastic reduction of GHG emissions is a boundary condition in this scenario. 
Policy instruments that ensure that targets are met include rules and incen-
tives. It is prohibited to combust natural gas at household level (since it is not 
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possible to capture CO2 locally in an economic way). Th erefore, the role of the 
gas distribution grid is minimal; and natural gas is substituted by electricity 
and heat networks. Only in certain areas where there is suffi  cient production 
of biomethane and biogas, the gas distribution infrastructure is in use. At a 
central level, gas can still be combusted in power plants in combination with 
CCS. A separate CO2 infrastructure is needed for the sequestration of CO2 
produced in large power plants.
In this scenario, there is a (perceived) scarcity of energy sources. Th erefore, 
security of supply is an issue in the public debate. Energy is a geopolitical is-
sue that is dealt with at National and EU level. Due to this perceived scarcity, 
natural gas needed for the power plants will not be imported by pipeline. For-
eign/non-EU gas will be imported as LNG in order not to be too dependent 
on one supplier. Preferably, all natural gas will be supplied by domestic or EU 
suppliers. Renewable energy plays an important role and energy conservation 
measures are seen as important and a means to decrease dependency. 
Th e largest share in the energy supply mix comes from renewable energy. 
Due to the high share of wind and solar electricity, the balancing of supply 
and demand becomes challenging. Th e gas system, both transportation and 
distribution, is used to balance supply and demand.
7. Quantifi cation of supply and demand forces
We will now quantify the values for energy demand and energy supply for 
each of the four scenarios. In our calculations, there is a mismatch between 
the demand values and the supply values; the total values for energy supply are 
higher than for energy demand. Th is is caused by the fact that we derive the 
energy demand for end use and not the primary energy demand. To convert 
the end use energy demand to primary energy demand—and consequently 
match supply and demand values—effi  ciency losses in the supply chain should 
be taken into account.
7.1. Energy demand 
We have previously subdivided the energy demand into lighting and appli-
ances, mobility, high value heat and low value heat. For the energy demand, 
values in the scenarios carbon constraints, tight market, and renewable self-
suffi  ciency, we used the values derived in CE Delft ’s report.5 Th e latter provides 
recent numbers relevant for the Dutch energy system. CE Delft  identifi es two 
scenarios for the demand: the low scenario and the extra low scenario.
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For the renewable self-suffi  ciency scenario, we assume that the demand 
corresponds to the extra low scenario. In this scenario, energy is perceived 
to be scarce and at the same time the government aims at 90 percent CO2 
reduction. Th ere will be a strong incentive for consumers to reduce energy 
consumption, either by regulation or due to the probably high energy prices. 
Hence, we chose the demand to be as low as possible.
Th e demand values for the carbon constraints and tight market scenarios 
correspond to the values for the low scenario in the CE Delft  report. Although 
there is a strong incentive to reduce energy consumption—either due to the 
strict CO2 regulations or the perceived energy scarcity which will increase en-
ergy prices—, the incentive is not as strong as in the renewable self-suffi  ciency 
scenario, where the existence of both forces leads to a culmination of demand 
reduction incentive.
For the business as usual scenario, we assumed that the demand values 
would be higher than in the carbon constraints and tight market scenarios, 
since there is no incentive for consumers to reduce demand. Th erefore, we in-
troduced a medium scenario, which demand values are linearly extrapolated 
from the low and extra low demand values. (Th e energy demands are shown 
in Table 3.)
Demand type Lighting and 
appliances
Mobility High value 
heat
Low value 
heat
Total
Year 2008 432 170 500 600 1702
Business as usual 630 225 500 500 1855
Carbon 
constraints 
540 200 400 400 1540
Tight market 540 200 400 400 1540
Renewable self-
suffi  ciency
450 175 300 300 1225
7.2. Energy supply
Th e energy demand will be met by a mix of energy sources. We have previ-
ously diff erentiated the energy sources according to their geographical origin 
Table 3. Energy demand per scenario, with year 2008 for comparison, in peta 
joules 
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and their type. We will now determine the total energy mix and the gas supply 
per scenario.* 
Energy supply mix. One main assumption here is that there are no cheap 
fossil oil reserves left  in 2050.23 Another assumption is that, although biomass 
is treated as a limited resource of energy due to competition with its use for 
materials or other purposes, a part of domestic (and imported) biomass will 
be available for renewable gas production, for example biogas, biomethane 
and/or SNG.
Th e energy share values are based on a quantifi cation made in the report 
by CE Delft 5, and the current energy mix.24 Th ese values are adapted to fi t our 
main forces and underlying relations in the four scenarios. (Table 4 shows the 
energy supply mix per scenario.) 
Scenario Fossil Renewables Total
Gas Coal Nuclear Wind Solar Biomass Other
Business as 
usual
2085 932 65,2 48,9 0,7 85 5 3260
Carbon 
constraints
870 660 730 95 20 150 45 2570
Tight market 1168 400 100 115 95 150 45 2185
Renewable self-
suffi  ciency
300 0 0 300 170 915 115 1800
 
For the business as usual scenario, gas and coal are the main energy sourc-
es. Furthermore, this scenario is the only one in which the total volume of 
gas increases in comparison to 2008. It has the lowest share of renewables of 
the four scenarios. Despite the restrictions on CO2, gas and coal have a large 
share in the energy mix in the carbon constraints scenario. Th is is acceptable, 
since the released CO2 will be sequestrated in this scenario. Furthermore, due 
Table 4. Sources of energy supply per scenario, in peta joules*
* Th e values for the energy supply mix for carbon constraints are derived from CE Delft ’s5 sce-
narios B and C. Th e values for the energy supply mix for renewable self-suffi  ciency is derived 
from scenario A of the same study. For the tight market scenario, the quantifi cation of the 
energy supply mix is derived from the extrapolation of the quantities determined for business 
as usual, carbon constraints and tight market. 
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to the carbon free electricity production of nuclear power plants, this source 
of energy has a large share in the energy mix in this scenario, whereas renew-
ables do have a signifi cant share but not by far as signifi cant as in the renew-
able self-suffi  ciency scenario. Renewables have a signifi cant share in the tight 
market scenario. Focus is on security of supply and the local availability of re-
newable energies provides this security. In addition, gas and coal have a large 
share in this scenario, which should preferably originate from domestic or EU 
sources. Th e restrictions on CO2 emissions and the perceived energy scarcity 
makes that in the renewable self-suffi  ciency scenario, biomass is the dominant 
source of supply. Other renewables have a signifi cant share in this scenario as 
well, since renewables provide both security of supply and low CO2 emissions. 
Natural gas only has a minor share in the energy mix in the renewable self-
suffi  ciency scenario.
Gas supply mix. To determine the gas supply mix in each scenario, we 
started with the current Dutch gas supply mix. Th e values for the current gas 
supply mix, the underlying relations between the forces and the assumptions 
combined have led to the values found for the gas supply mix.* 
Th e relation between the key forces and the relation with the amounts of 
renewable gas and unconventional gas in the four scenarios have been derived 
by translating the key forces in the eff ects they have on the share of the gas 
sources in the gas supply mix (see Figure 6). 
Th e perceived resource scarcity has an eff ect on the energy prices; and, 
together with the emission reduction eff orts, it will be the main factor deter-
mining the share of biogas and SNG in the gas supply mix. Th e perceived scar-
city has a positive eff ect on the amount of unconventional gas in the energy 
mix. However, the willingness and ability to reduce GHG emissions will result 
Figure 6. Relation between the main factors on the share of renewable and 
unconventional gases in the supply mix. (Legend: + high; – low.)
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in environmental concerns over the harmful environmental consequences 
of unconventional gas exploitation, and will have a detrimental eff ect on the 
share of unconventional gas in the gas supply mix. 
Th e quantifi cation of the ratio in the gas supply mix is based on estimations 
found in literature, our assumptions plus the current gas mix. Th is leads to a 
gas supply mix for each scenario (see Table 5.) 
Renewable gases Fossil gases
Bu
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s U
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• Amount of biogas and SNG based on the 
current situation
• Liquefi ed natural gas import costs are 
always higher than natural gas imports by 
pipeline; however they play a considerable 
role in gas import for security of supply 
issues
• Large sources of shale gas are found 
and exploited in the southern part of the 
Netherlands
• Russian gas and liquefi ed natural gas have 
to a large extent replaced Slochteren gas
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• Carbon dioxide emission reduction 
objectives require carbon capture and 
storage in combination with fossil fuel 
and stimulate the use of renewable energy 
sources like biogas and synthetic natural gas
• Th e use of agricultural area for energy 
crops is not stimulated but also not 
prohibited
• Due to tight emission reduction policy, it is 
not allowed to burn fossil gases at household 
level
• Due to environmental concerns and low gas 
prices, the shale gas sources are not exploited
• Russian gas and liquefi ed natural gas have 
to a large extent replaced Slochteren gas
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t • Incentive to diversify
• Price determines production and 
utilization of biogas and sythetic natural gas
• Large sources of shale gas are found and 
exploited in the south of the Netherlands
• Russian gas, liquefi ed natural gas  and 
shale gas have to a large extent replaced 
Slochteren gas
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• It is accepted to use local available 
agricultural area for energy crops for biogas 
production
• Large scale import of biomass
• Large scale off -shore wind energy
local injection of hydrogen from renewable 
sources, when electricity demand is low
• Due to tight emission reduction policy it is 
not allowed to burn fossil gases at household 
level
• Due to environmental concerns shale gas 
sources are not exploited at full scale
Table 4. Assumptions per scenario and type of gas 
* Assumptions about the gas supply mix are detailed in Table 4. 
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Scenario Annual
gas 
demand
Renewables Fossil 
Biogas SNG Hydro-
gen/
methane
Natural Liquefi ed Uncon-
ventional
Business as 
usual
65,5 0,5 – – 35 25 10
Carbon 
constraints
25 2 1,5 – 11,5 10 –
Tight market 42 2 1,5 2 11,5 10 15
Renewable 
self-suffi  ciency
25 4 7,8 4,2 3 3 3
In the business as usual and the carbon constraints scenarios, natural gas 
and LNG are the primary gas sources. In the former, unconventional gas has 
gained a medium share in the gas supply mix and biogas has a negligible role, 
whereas in the latter, both biogas and SNG have a minor but important share 
in the total gas supply mix. Natural gas and LNG have a major share in the 
tight market scenario; but unconventional gas has the largest share in the gas 
supply mix. Renewable gases have gained a minor share in the gas supply mix 
in the tight market scenario. Renewable self-suffi  ciency is the only scenario 
where the renewable gases have the major share in the total gas supply mix. 
However natural gas, LNG and unconventional gas together still play an im-
portant role and represent a third of the total gas supply mix. Furthermore, in 
the carbon constraints and the renewable self-suffi  ciency scenarios, the total 
annual gas demand is almost half of the gas demand in 2008 and the business 
as usual and tight market scenarios.
8. Qualifi cation of technical and institutional forces 
Th e projected gas demand in three out of four scenarios is lower than the cur-
rent gas demand. Th erefore, no major capacity increases are required when 
considering the top down supply of gas. In all four scenarios, ICT will play a 
more important role in relation to the gas distribution system. Th e extent to 
which this is the case does however vary per scenario. Th ere are four scenarios 
to discuss in depth: business as usual, carbon constraints, tight market and 
renewable self-suffi  ciency.  
Table 5. Sources of energy supply per scenario, in peta joules
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8.1. Business as usual
In this scenario, fossil gas and coal are the main sources of supply. Th e current 
distribution function of the gas distribution grid remains the same. Relatively 
low quantities of biogas will be fed to this grid. Due to the low amount of bio-
gas, no signifi cant design changes are required. Due to the overall low share 
of renewable energy, only a small increase in the interaction between the gas 
distribution grid and the electricity distribution grid is foreseen, due to the 
use of (micro) CHPs. Th e latter will have replaced conventional gas central 
heating boilers for household heating and electricity demand. Th is implies 
that the households remain connected to the gas distribution system. Fur-
thermore, fossil gas will replace oil in a large part of the mobility sector (heavy 
transport), thus increasing gas demand.
Th e increase of imported gas of diff erent quality could lead to the devel-
opment of diff erent quality regions and/or a broadening of the gas quality 
(Wobbe index) accepted in the distribution grid. Th is would have implications 
for appliances. Information and communication technologies (ICT) in the gas 
system will be in line with general ICT developments in other industries. 
Energy will remain a commodity, and the role of consumers will not change. 
Investments are needed to keep the system operational. Th e current role of the 
DSOs is consolidated. It is expected that, based on effi  ciency considerations, 
the number of DSOs will converge to between three and fi ve. Cooperation 
between TSOs on a European level is strengthened—not only for electricity 
but also for gas—to facilitate European gas trade. 
8.2. Carbon constraints
In this scenario, fossil gas, coal and nuclear are the main sources of supply 
with conversion to electricity in large scale power plants and for large indus-
tries. Local use of natural gas is limited, due to political measures to reduce 
GHG emissions. Th e gas transportation grid still plays an important role to 
transport the gas to the power production sites. 
In most urban areas, gas will no longer be distributed to the households. 
Th e domestic heat demand will be largely satisfi ed by heat pumps or central-
ized heating installations in combination with local heat grids. Large parts of 
the lower pressure part (less or equal to 100 mbar) gas distribution grid will 
be decommissioned.
Th e geographical service area of the gas distribution grid (less or equal to 
100 mbar) will be much smaller and restricted to the rural areas with suffi  cient 
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supply of renewable gas, such as biogas and biomethane, and areas close to a 
SNG plant. Overall, biogas will have a signifi cant share in the energy supply. In 
these areas, distribution needs to facilitate the injection of signifi cant volumes 
of biogas, SNG or biomethane and match the gas supply and gas demand. To 
minimize quality conversion costs, the gas standards in these grids will be 
tailored to regular biogas quality. Th e challenge will be to match the relatively 
constant supply of renewable gas to the fl uctuating gas demand in these areas.
Th e electricity grids will face an increased share of most likely intermittent 
renewable energy sources. Th e gas transport grid will be used to provide nec-
essary fl exibility needed to accommodate the fl uctuating power supply of the 
renewable energy sources. In times of energy shortage, the gas grid supplies 
gas to a gas-fi red power plant that converts gas into electricity. However, at the 
level of the energy distribution, no interaction between the electricity and gas 
grids is expected. A strong ICT backbone is needed, mainly to facilitate smart 
electricity grids and peak shaving. CCS will play a major role in this scenario. 
Infrastructure is required to transport CO2 from source to storage. With the 
typical large investments needed for nuclear and coal-fi red power plants, large 
companies will dominate the scene on the supply side.
Th e National and EU governments will enforce strict regulations regarding 
the type of gases that fl ow through the gas distribution grid and the use that is 
made of these gasses. Local combustion is generally not allowed and compli-
ance of citizens is focused on output, such as CO2 emissions. Regional orga-
nizations or local government bodies will be used as the instrument through 
which governments will enforce regulations. At the national level, there will 
be a focus on electricity, and distributed gas will get limited attention. 
8.3. Tight market 
In this scenario, gas is the largest source of energy in a diversifi ed portfolio. 
National and EU policy is focused on security of supply.
Th e current distribution function of the gas distribution grid will remain. 
Renewable gases (biomethane, biogas, SNG, hydrogen and renewable meth-
ane) will have a signifi cant share in the energy supply in this scenario. Th ere-
fore, the gas distribution grid should facilitate both the distribution of fossil 
gases (unconventional gas, natural gas and LNG), and the injection and distri-
bution of renewable gases. Th e gas distribution grid should be able to handle 
multiple gas qualities, foreign fossil gases and the diff erent types of renewable 
gases. Th is could result in the subdivision of the distribution grid each with its 
own specifi c quality, including gas distribution grids that distribute gas with 
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biogas quality and/or broadening of the quality bandwidth of allowable gases. 
Fossil and renewable gas will replace oil in a part of the mobility sector, heavy 
transport in particular.
Th e eff orts to reduce GHG emission are limited; but, due to the perceived 
scarcity of energy, there is a strong tendency to improve the effi  ciency of en-
ergy appliances. Th e (micro-)CHP will become a major means of household 
heating and distributed electricity production. Some parts of the gas distribu-
tion system will be replaced by heating grids with central CHPs for effi  ciency 
reasons.
An aspect that will increase the interaction between the electricity distri-
bution grid and the gas distribution grid is the expectation that the gas dis-
tribution grid will function as a buff er for the intermittent electricity supply 
of (off shore) wind parks and solar PVs. Th e gas distribution grid will be used 
to balance energy demand and energy supply (peak demands) by convert-
ing electricity to hydrogen and/or renewable methane and inject it in the gas 
distribution grid, in times of electricity surplus and vice versa in times of elec-
tricity storage by the use of (micro) CHPs. Metering is important and includes 
calorifi c value. 
Th e tightness of the market will drive innovation. Market players will off er 
more services based on energy reduction. Energy/gas consumers will have 
strong incentives to save energy and to produce electricity and become pro-
sumers. Th e supply side will include small companies and individuals and 
small to medium sized enterprises (SMEs) or cooperation will get involved 
into facilitating production and exchange of energy on a local grid. A strong 
ICT backbone is needed to facilitate transactions between parties in the mar-
ket.
8.4. Renewable self-suffi  ciency
In this scenario, due to the high share of intermittent electrical renewable en-
ergy in the energy mix, the balancing of supply and demand becomes an im-
portant issue. Th e gas grid (both distribution and transport) will be used to 
buff er the fl uctuating energy supply of the electrical renewable energy sources. 
Possibly, this buff ering will be done by converting the electricity, when there is 
a surplus, into hydrogen or renewable methane and inject this in the gas grid. 
A separate hydrogen infrastructure may develop. Innovation will be focused 
on buff ering and balancing. In addition, due to the large share of renewable 
gases (biomethane, synthetic natural gas, biogas, hydrogen and/or renewable 
methane), the gas distribution grid will also have to cope with the injection 
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and the distribution of these gases. To minimize quality conversion costs the 
gas standard in these grids will be tailored. 
Due to the strict GHG emission regulations, local combustion of fossil gas 
is not allowed. Th e geographical service area of the gas distribution grid (less 
or equal to 100 mbar grids) will be much smaller, and restricted to the rural 
areas with suffi  cient supply of biogas, biomethane or renewable methane and 
in areas close to SNG plants. In the other parts of the Netherlands gas will no 
longer be distributed to the households. Here the heat demand will be largely 
satisfi ed by centralized heating installations in combination with local heat 
grids or heat pumps. Th is will implicate that large parts of the lower pressure 
part (less or equal to 100 mbar) of the gas distribution grid will be decommis-
sioned. Th e transport part (1,4 and 8 bar grids) of the gas distribution grid will 
play a major role in buff ering the fl uctuating renewable energy supply of the 
electrical renewable energy sources.
Th e governmental involvement in the energy supply—at diff erent levels — 
is high in this scenario. Th e energy policy of the governments is focused on 
security of supply and the reduction of GHG emissions. In addition to the 
existing DSOs, local or regional energy companies or cooperations will be 
established that are responsible for the utilization of locally available energy 
(biomass, wind, solar, thermal) and local system integration and optimization. 
Customers will be actively involved. At the same time, governments will have 
a strong infl uence on customer behavior. ICT plays a major role at all levels of 
the energy system to facilitate the balancing and optimization of the system.
9. Conclusions
We aimed at developing scenarios that help determining for the Netherlands 
the system function of the gas distribution infrastructure in the energy sys-
tem in 2050. For this purpose, we identifi ed the willingness and ability to re-
duce GHG emissions and the perceived scarcity of energy resources as the 
two most important key forces. We derived four scenarios which diff er from 
those found in the literature. We do not take the 80 to 90 percent reduction 
in CO2 emission as given like in other studies.5, 10, 25, 26 We assume that higher 
levels of GHG in the atmosphere will not have a direct economic impact in 
Western Europe in 2050. Furthermore, our scenarios pay far more attention 
to the gas distribution system, whereas other scenarios only mention the gas 
distribution grid briefl y.5, 26 Finally, our scenarios focus on the Dutch situation, 
which is diff erent from the aggregate European, UK and German situations.10, 
25, 26 Th erefore, our scenarios are of more use for the Dutch DSOs. Finally, by 
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providing scenarios tailored to the Dutch gas distribution grid, we expect to 
provide a tool to deal with the investment dilemma the Dutch DSOs face. 
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